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© An expansion valve incorporated in the refriger- 
ant circuit of, for example, a refrigerator and adapted 
for controlling the flow rate of the refrigerant in said 
refrigerant circuit. The expansion valve has a pres- 
5| sur0 chamber (2) formed in the valve body (1) and 
^adapted for receiving the discharge pressure of the 
^ refrigerant circuit, a deflectable partition member (8) 
2 disposed in the pressure chamber (2) and presenting 
a pressure-receiving surface (8a) at the free end 
W thereof, an electric actuator (21) connected to tfte 
^surface of the pressure-receiving surface (8a) op- 
posite to the pressure-receiving surface (8a) through 
©a compression spring (13), a needle (15) connected 
QJo the pressure-receiving surface (8a) and adapted to 
IU cooperate with an orifice (16) which provides a com- 
■ munication between two valve chambers (3a, 3b) in 
the valve body (1), and a controller for operating the 



electric actuator (21) in accordance with the tem- 
perature of the refrigerant gas in the compressor di- 
scharge side of the refrigerant cycle, whereby the 
needle (15) operates in response to the displace- 
ment of the partition member (8) which is caused in 
accordance with changes in the temperature and the 
pressure of the refrigerant gas in the compressor di- 
scharge side of the refrigerant circuit, whereby the 
degree of opening of the orifice (16) is changed to 
control the degree of superheating of the refrigerant 
at the discharge side of the compressor. 
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EXPANSION VALVE 



The present invention relates to an expansion 
valve which is incorporated in a refrigerant circuit 
of a refrigerator, air-conditioner and so forth to 
control the flow rate of the refrigerant. More par- 
ticularly, the invention is concerned with an elec- 
trically actuated expansion valve which is suitable 
for controlling the degree of superheat of the refrig- 
erant discharged from the compressor. 

In general, a refrigeration circuit is composed 
of a compressor, a condenser, an expansion valve 
and an evaporator. An expansion valve, which is 
capable of controlling the degree of superheating 
of the refrigerant discharged from the compressor, 
is disclosed in Japanese Unexamined Patent Pub- 
lication No. 54-34159. 1 [ ' 

A system also is disclosed in Japanese Unex- 
amined Utility Model Publication No. 55-143470 in 
which the temperature fa) of the refrigerant gas di- 
scharged from the compressor and the saturation 
temperature (tj of the refrigerant in the condenser 
are detected and the degree of opening of ah 
expansion valve is controlled such that the degree 
of superheating SH d (= -tj is maintained con- 
stant 

On the other hand, electrically actuated expan- 
sion valves, which are to be substituted for conven- 
tional thermal expansion valve capable of control- 
ling the degree of superheat at the compressor 
inlet side, have been disclosed in Japanese Unex- 
amined Patent No. 59-170667 and in the specifica- 
tion of the United States Patent No. 4,362,027. 

The expansion valve disclosed in the ab- 
ovementioned Japanese Unexamined Patent Pub- 
lication No. 54-34159 employs a feeler bulb 
charged with a gas and adapted to change the 
pressure of this gas in response to a change in the 
temperature of the refrigerant gas discharged from 
the compressor. The expansion valve also has a 
spring which urges a valve member against the 
pressure of the refrigerant gas flowing through the 
expansion valve. The degree of opening of the 
expansion valve is determined by the balance of 
pressure between the force produced by the refrig- 
erant gas, the force produced by the pressure of 
the gas in the feeler bulb and the spring force. 
Thus, it is no obtainable from this known expansion 
valve to forcibly change the degree of opening. 

In the expansion valve disclosed in Japanese 
Unexamined Utility Model Publication No. 55- 
143470, which is controlled by the superheating 
degree of the gas discharged from the compressor, 
the saturation temperature corresponding to the di- 
scharge pressure is obtained by measuring the 
temperature of the refrigerant in the condenser or 
by computing the saturation temperature from the 



discharge pressure. This expansion valve, there- 
fore, is costly to detect the saturation temperature. 

The expansion valve disclosed in Japanese 
Unexamined Patent No. 59-170667 and the speci- 

5 fication of the United States Patent No. 4,362,027 
makes it reference only to control the degree of 
superheating at the suction side of the compressor. 

Accordingly, an object of the present invention 
is to provide an expansion valve which is capable 

w of controlling the superheating degree of the refrig- 
erant at the discharge side of the compressor with- 
out requiring detection of saturation temperature of 
the refrigerant. 

To this end, according to the present invention, 

75 there is provided an expansion valve incorporated 
in a refrigerant circuit including a valve body hav- 
ing a first valve chamber, a first communication 
port opening to the first valve chamber and leading 
from a refrigerant line, a second valve chamber, a 

20 second communication port opening to the second 
valve chamber and leading to another refrigerant 
line, an orifice which provides a communication 
between the first and second valve chambers, and 
a needle arranged to oppose the orifice, the expan- 

25 sion valve comprising: a pressure chamber formed 
in the valve body and adapted to receive the di- 
scharge pressure of the refrigerant circuit, a deflec- 
table partition member disposed in the pressure 
chamber and provided on the free end thereof a 

30 pressure receiving surface to which is connected 
the needle, an electric actuator provided outside 
the pressure chamber, a first compression spring 
contacting at its one side with the rear side of the 
pressure-receiving surface and connected at its 

35 other end to the electric actuator, a sensor for 
sensing the temperature of the refrigerant gas in 
the compressor discharge side of the refrigerant 
circuit, and a controller for controlling the output of 
the electric actuator in accordance with the signal 

40 from the sensor, whereby the deflectable partition 
member deflects in accordance with the tempera- 
ture and the pressure of the refrigerant gas in the 
compressor discharge side of the refrigerant circuit, 
so as to actuate the needle with the deflection of 

45 the partition member to control the opening degree 
of the orifice. 

The electric actuating force for deflecting the 
deflectable partition member is produced in accor- 
dance with a formula which is determined on the 

so basis of the detected discharge gas temperature, 
and is exerted through the intermediary of a spring. 
The pressure of the refrigerant discharged from the 
compressor is applied to the deflectable partition 
member in the opposite direction of the electric 
actuating force, so that the degree of opening of 

2 
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the expansion valve is controlled by the balance 
between forces acting on both sides of the deflec- 
table partition, whereby the superheating degree of 
the refrigerant is controlled. 

According to the invention, therefore, the ex- 
pansion valve for controlling the superheating de- 
gree of the discharge gas is provided so that the 
superheating degree can be controlled in accor- 
dance with the relationship between the detected 
temperature and the discharge pressure, without 
requiring the detection of the saturation tempera- 
ture. 

Conveniently said deflectable partition member 
is a bellows having one end fixed to a wall of said 
pressure chamber and closed at its free end by a 
disk to provide said pressure-receiving surface. 

Said electric actuator can be a pulse motor 
having a driving screw screwed into a wall of said 
valve body and engaging with a spring seat on 
which said first compression spring is seated. 

Alternatively, said electric actuator can be a 
piezoelectric element having a driving shaft extend- 
ing through a wail of said valve body and engaging 
with a spring seat on which said first compression 
spring is seated. 

It is convenient that a third spring seat is 
arranged on said pressure-receiving surface of said 
partition member, said needle being fixed through 
a valve rod to said third spring seat, and said third 
spring seat is pressed onto said pressure-receiving 
surface of said deflectable partition member by a 
second compression spring. 

Preferably said expansion valve is connected 
to the discharge pipe of said compressor and se- 
lectively connectable to one side of said indoor 
heat exchanger and one side of said outdoor heat 
exchanger through a four-way valve, the other side 
of said indoor heat exchanger being connected to 
said second communication port while the other 
side of said outdoor heat exchanger Is connected 
to said first communication port of said expansion 
valve, said expansion valve further comprising a 
branch pipe branching from said discharge pipe 
and leading to a pressure introduction port commu- 
nicating with the interior of said expansion valve 
and a temperature sensor on said discharge pipe, 
said sensor being connected to said controller 
which in turn is 10 connected to said electric 
actuator. 

A preferred embodiment of the present inven- 
tion will be described with reference to the draw- 
ings. 

Fig. 1 is a longitudinal sectional view of an 
embodiment of the expansion valve in accordance 
with the present invention; 

Fig. 2 is a block diagram of a refrigeration 
cycle incorporating the expansion valve shown in 
Fig. 1; 



Fig. 3 is a diagram illustrating the degree of 
opening of the expansion valve; 

Fig. 4 is a longitudinal sectional view of an 
alternate embodiment of the expansion valve; 

5 Fig. 5 is a diagram illustrating the relation- 

ship between temperature and pressure of refriger- 
ant, which relation being input to an electric actuat- 
ing portion; and 

Fig. 6 is a typical diagram of the refrigerant 

w circuit on a Mollier chart. 

Fig. 1 is a sectional view of an expansion valve 
embodying the present invention. The expansion 
valve has a valve body 1 in which are formed a 
pressure chamber 2 and a valve chamber. The 

75 valve chamber has a valve seat wall 4 which sepa- 
rates a first valve chamber 3a and a second valve 
chamber 3b. A pressure introduction port 5 opens 
into the pres sure chamber 2 . Firjtj^onimuji^^ 
portJ3_and second com munication port 7 open to 

20 Tfie^first val ve chamber. 3a and the second valve 
chamber 3K7espectively. The pressure chamber 2 
has a w all 2a t o which is fixed a deflectable parti- 
tion member which is, in the illustrated embodi- 
ment, a be llows 8. Th e end surface of the deflec- 

25 table partition member opposite to the wall 2a 
constitutes a pressure-recei ving surface 8a. The 
i nterior 8b of the bellows 8 is opened to the at- 
mosphere. A first so ring seat 9 is provided on the 
rear surface of the pressure-receiving surface 8a in 

30 the interior 8b of the b ellows 8. A first compression 
spririg~11 is loaded between the fir st spring sea^ 9 
and a~sec ond spring seat 10. An el ectric actuator, 
w hich is a pulse motor 21 in the illustrated embodi- 
ment, is provided outside the va lve body "L The 

35 pulse m otor 21 has a drivi ng screw 22 projecting 
therefrom and screwed in to the wall 1a of the valve 
body 1. The end of the driving screw 22 , presses 
the"!Tbove-mentioned second spring s eat 10 . A 
third spring seat 12 is disposed so as to oppose to 

40 the pressure-receiving surface 8a of the b ellows 8 . 
A second compres sion spring 13 is loaded be- 
tween a wall 1b % nd the third spring seat 12 , so as 
to press the third sprin g seat 12 o nto the pressu re 
receiving surface. A val ve rod 14, w hich is provided 

45 at its one end with a needle 15, is extended 
through the w all 1b. The needle 15 is disposed 
such as to oppose to an orifice 16 which is formed 
in the v alve seat wall 4. Thus, the orifice ^16 is 
adapted to be opened and closed by the needle 15 

so in accordance with the axial movement of the valve 
rodJi_ 

Fig. 2 shows the arrangement of components 
of a heat-pump type refrigeration cycle in which is 
incorporated the expansion valve shown in Fig. 1. 
55 The refrigeration cycle includes a compressor 31, 
an indoor heat-exchanger 32, an outdoor heat ex- 
changer 33, a four-way valve 34, a controller 35, a 
discharge pressure introduction pipe 36, a di- 
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scharg8 gas temperature detecting thermistor 37, 
and an expansion valve 38 as shown in Fig. 1 . The 
refrigeration cycle further has a pipe 36 for in- 
troducing the pressure of the discharge gas and 
connected to the pressure introduction port 5, a 
pipe 39 leading from the indoor heat exchanger 32 
and connected to the second communication port 
7, as well as a pipe 40 leading from the outdoor 
heat exchanger 33 and connected to the first com- 
munication port 6. 

Fig. 3 shows the opening degree characteris- 
tics of the expansion valve. The operation of the 
expansion valve will be described hereinafter with 
reference to Figs. 1 and 3. 

Referring to Fig. 1, as the pulse motor 21 
operates forwardly, the driving screw 22 rotates to 
urge the second spring seat 10 downward, where- 
by the first compression spring 11 is compressed 
to generate a force which acts to push the bellows 
8 downward. As a result, a downward force is 
applied to the third valve seat 12 and the valve rod 
14 thereby moving the needle 15 downward, 
whereby the degree of opening of the expansion 
valve is increased. 

Referring now to Fig. 3, when the discharge 
pressure P acting on the bellows 8 is constant, the 
opening degree of the expansion valve is increased 
as the amount of forward operation of the pulse 
motor i.e., the turning angle of the shaft of the 
motor, is increased. 

When the discharge pressure acting on the 
bellows 8 is increased, the upward force exerted on 
the bellows 8 is increased correspondingly, so that 
the needle 15 is raised to reduce the valve open- 
ing. In the arrangement shown in Fig. 3, therefore, 
the opening degree of the valve is decreased as 
the discharge pressure is increased, provided that 
the turning angle of the pulse motor is the same, 
as shown by one-dot-and-dash line in Fig. 3. 

Although a specific embodiment of the inven- 
tion has been described as to the characteristic of 
the operation, the same result can be obtained by 
various other forms of the expansion valve as fol- 
lows. 

For instance, the electric actuator, which is a 
pulse motor in the embodiment shown in Fig. 1, 
may be substituted by another type of actuator 
such as a D.C. motor having a function for detect- 
ing the turning angle. 

Fig. 4 shows an embodiment in which a piezo- 
electric element is used as the electric actuator. 
This embodiment has a piezoelectric element 51 
and a driving shaft 52. The amount of deflection of 
the piezoelectric element 51 is increased as the 
voltage applied thereto is increased. As the voltage 
applied to the piezoelectric element 51 is in- 
creased, the driving shaft 52 is moved downward 
so as to load the spring 11, thereby urging the 



bellows 8 downward. In consequence, the needle 
15 is lowered to increase the opening degree of 
the valve. Other portions are materially the same 
as those in the first embodiment, so that they are 

5 denoted by the same reference numerals and de- 
tailed description thereof is omitted. 

The embodiment shown in Fig. 4 may be em- 
bodied by using a solenoid coil as an electric 
actuator. The deflectable partition member may be 

10 composed of a member other than the bellows 
used in the described embodiment, e.g., a dia- 
phragm. 

A description will be made hereinafter as to an 
control system applied the expansion valve of the 

75 present invention to the refrigerant circuit of a heat- 
pump type air conditioner. 

Fig. 5 illustrates the relationship between the 
temperature and pressure, as well as the relation- 
ship between the temperature and the electric ac- 

20 tuating force. In the upper part of Fig. 5 t a full-line 
curve shows the relationship between the pressure 
and the temperature of a refrigerant used in the air 
conditioner, in the saturated state of the refrigerant, 
while a broken-line curve shows the relationship 

25 between the pressure and the temperature of the 
discharged gas in the design specification. Thus, 
the value of difference between the full-line curve 
and the broken-line curve illustrate the design de- 
gree of superheat. The relationship between the di- 

30 scharged gas temperature and the electric actuat- 
ing force is shown in the lower part of Fig. 5. This 
relationship is corresponded to one between the 
temperature of discharged gas and the turning an- 
gle of the pulse motor in the present embodiment. 

35 This relationship is stored in a controller 35. The 
temperature of the discharged gas is detected by a 
thermistor 37 (see Fig. 2) and the controller 35 
commands a turning angle of the pulse motor 
determined in accordance with the curve shown in 

40 the lower part of Fig, 5. For instance, when the di- 
scharge gas temperature is raised, the turning an- 
gle of the pulse motor is increased with the result 
that the valve opening is increased as shown in 
Fig. 3. 

45 The operation of this refrigerant circuit is as 

follows. 

Referring to Fig. 2, during operation of the 
refrigerant cycle in the air heating mode, the refrig- 
erant recycles through the compressor 31 , the four- 

50 way valve 34, the indoor heat exchanger 32, the 
expansion valve 38, the outdoor heat exchanger 33, 
the four-way valve 34 and the compressor 31. It is 
assumed here that the heat pump operates under a 
certain operating condition in the air heating mode 

55 and the operation is settled at the discharge pres- 
sure ® and the pulse motor angle © in 
Fig. 5. If the outdoor air temperature is raised to 
cause a rise in the air temperature supplied to the 



11/28/2006, EAST Version: 2.1.0.14 



7 



0 275 931 



8 



outdoor heat exchanger 33 for operating as an 
evaporator, the degree of superheat at the refriger- 
ant outlet of the outdoor heat exchanger 33 is 
increased. Fig. 6 shows the refrigerant cycle on a 
typical Mollier chart. When the temperature of the 
air supplied to the evaporator is raised, the state of 
the refrigerant changes from the state shown by 
© to the state shown by (§) in Fig. 6. The 
rise in the temperature of the discharged gas in- 
creases the turning angle of the pulse motor, as 
will be seen from Fig. 5, so that the degree of 
opening of the expansion valve is increased to 
increase the flow rate of the refrigerant supplied to 
the outdoor heat exchanger 33, thereby reducing 
the degree of superheat of the refrigerant at the 
outlet side of the outdoor heat exchanger 33. This 
obviously causes the temperature of the di- 
scharged gas to be lowered. 

Although the operation has been described 
with specific reference to the air heating mode, it 
will be clear to those skilled in the art that the 
same effect can be produced also in the air cooling 
mode of operation of the refrigeration cycle, though 
in this case the first communication port 6 and the 
second communication port 7 of the expansion 
va j ve serves as a refrigerant inlet and a refrigerant 
outlet, respectively. 

The relationship between the temperature sof 
the discharged gas and the turning angle of'trje 
pulse motor, which is shown in the lower part pf 
Fig. 5, can be optimized from the performance of 
the heat pump and the reliability. For instance, in 
order to avoid an abnormal rise in the temperature 
of the discharge gas, the opening degree char- 
acteristic of the expansion valve may be so de- 
signed that the degree of opening of the expansion 
valve is drastically increased when the temperature 
of the discharged gas is risen beyond a predeter- 
mined temperature © as shown with a dotted 
and chaine line in Fig. 5. 



Claims 

1. An expansion valve (38) incorporated in a 
refrigerant circuit, including a valve body (1) having 
a first valve chamber (3a) f a first communication 
port (6) opening to said first valve chamber (3a) 
and leading from a refrigerant line (40), a second 
valve chamber (3b), a second communication port 
(7) opening to said second valve chamber (3b) and 
leading to another refrigerant line (39), an orifice 
(16) which provides a communication between said 
first and second valve chambers (3a, 3b), and a 
needle (15) arranged to oppose said orifice (16), 
said expansion valve comprising: 

a pressure chamber (2) formed in said valve 
body (1) and receiving the pressure of a refrigerant 
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at the compressor discharge side of said refriger- 
ant circuit, a deflectable partition member (8) dis- 
posed in said pressure chamber (2) and provided 
on the free end thereof a pressure-receiving sur- 

5 face (8a) to which is connected said needle (15), 
an electric actuator (21) provided outside said pres- 
sure chamber (2), a first compression spring (11) 
contacting at its one side with the rear side of said 
pressure-receiving surface (8a) and connected at 

w its other end to said electric actuator (21, 51), a 
sensor (37) for sensing the temperature of the 
refrigerant gas in said compressor discharge side 
of said refrigerant circuit, and a controller (35) for 
controlling the output of said electric actuator (21) 

15 in accordance with the signal from said sensor 
(37), whereby said deflectable partition member 
(8) deflects in accordance with the temperature and 
the pressure of said refrigerant gas in the compres- 
sor discharge side of said refrigerant circuit, so as 

20 to actuate said needle (15) to control the opening 
degree of said orifice (16). 

2. An expansion valve according to Claim 1, 
characterized in that said deflectable partition 
member (8) is a bellows having one end fixed to a 

25 wall (2a) of said pressure chamber (2) and closed 
at its free end by a disk to provide said pressure 
receiving surface (8a). 

3. An expansion valve according to Claim 1, 
characterized in that said electric actuator (21) is a 

30 pulse motor having a driving screw (22) screwed 
into a wall (2a) of said valve body (1) and engaging 
with a spring seat (10) on which said first compres- 
sion spring (11) is seated. 

4. An expansion valve according to at least one 
35 of the Claims 1 to 3, characterized in that said 

electric actuator (51) is a piezoelectric element 
having a driving shaft (52) extending through a wail 
of said valve body (1) and engaging with a spring 
seat (10) on which said first compression spring 
40 (11) is seated. 

5. An expansion valve according to at least one 
of the Claims 1 to 4, comprising a third spring seat 
(12) arranged on said pressure-receiving surface 
(8a) of said deflectable partition member (8), said 

45 needle (15) being fixed through a valve rod (14) to 
said third spring seat (12), and said third spring 
seat (12) is pressed onto said pressure-receiving 
surface (8a) of said deflectable partition member 
(8) by a second compression spring (13). 

so 6. An expansion valve according to at least one 
• of the Claims 1 to 5, characterized in that said 
expansion valve (38) is connected to the discharge 
pipe of said compressor (31) and selectively con- 
nectable to one side of said indoor heat exchanger 

55 (32) and one side of said outdoor heat exchanger 
(33) through a four-way valve (34), the other side of 
said indoor heat exchanger (32) being connected to 
said second communication port (7) while the other 

5 
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side of said outdoor heat exchanger (33) is con- 
nected to said first communication port (6) of said 
expansion valve (38), said expansion valve (38) 
further comprising a branch pipe (36) branching 
from said discharge pipe and leading to a pressure 5 
introduction port (5) communicating with the interior 
of said expansion valve (38) and a temperature 
sensor (37) on said discharge pipe, said sensor 
(37) being connected to said controller (35) which 
in turn is connected to said electric actuator (21). w 
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ABSTRACT: 

An expansion valve incorporated in the refrigerant circuit of, 
for example, 

a refrigerator and adapted for controlling the flow rate of the 
refrigerant in 

said refrigerant circuit. The expansion valve has a pressure chamber 



formed in the valve body (1) and adapted for receiving the discharge 
pressure 

of the refrigerant circuit, a deflectable partition member (8) 
disposed in the 

pressure chamber (2) and presenting a pressure-receiving surface (8a) 



free end thereof, an electric actuator (21) connected to the surface 



(2) 



at the 



of the 
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pressure-receiving surface (8a) opposite to the pressure-receiving 
surface (8a) 

through a compression spring (13), a needle (15) connected to the 
pressure-receiving surface (8a) and adapted to cooperate 'with an 
orifice (16) 

which provides a communication between two valve chambers (3a, 3b) in 
the valve 

body (1), and a controller for operating the electric actuator (21) 
in 

accordance with the temperature of the refrigerant gas in the 

compressor 

discharge side of the refrigerant cycle, whereby the needle (15) 
operates in 

response to the displacement of the partition member (8) which is 
caused in 

accordance with changes in the temperature and the pressure of the 
refrigerant 

gas in the compressor, discharge side of the refrigerant circuit, 
whereby the 

degree of opening of the orifice (16) is changed to control the 
degree of 

superheating of the refrigerant at the discharge side of the 
compressor . 
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